Prostatic adenocarcinoma is an epithelial malignancy characterized by marked histological heterogeneity. It most often has a multifocal distribution within the gland, and different Gleason grades may be present within different foci. Data from our group and others have shown that the genomic deletion of the phosphatase and tensin homolog deleted on chromosome 10 (PTEN) tumor suppressor gene and the disruption of the ETS gene family have a central role in prostate cancer and are likely to be associated with Gleason grade. In this study, prostate cancer samples were systematically analyzed to determine whether there was concordance between PTEN losses and TMPRSS2-ERG fusion rearrangements, within or between foci in multifocal disease, using well-annotated tissue microarrays (TMAs) consisting of 724 cores derived from 142 radical prostatectomy specimens. Three-color fluorescence in situ hybridization analysis of both the PTEN deletion and the TMPRSS2-ERG fusion was used to precisely map genetic heterogeneity, both within and between tumor foci represented on the TMA. PTEN deletion was observed in 56 of 134 (42%) patients (hemizygous ¼ 42 and homozygous ¼ 14). TMPRSS2-ERG fusion was observed in 63 of 139 (45%) patients. When analyzed by Gleason pattern for a given TMA core, PTEN deletions were significantly associated with Gleason grades 4 or 5 over grade 3 (Po0.001). Although TMPRSS2-ERG fusions showed a strong relationship with PTEN deletions (P ¼ 0.007), TMPRSS2-ERG fusions did not show correlation with Gleason grade. The pattern of genetic heterogeneity of PTEN deletion was more diverse than that observed for TMPRSS2-ERG fusions in multifocal disease. However, the marked interfocal discordance for both TMPRSS2-ERG fusions and PTEN deletions was consistent with the concept that multiple foci of prostate cancer arise independently within the same prostate, and that individual tumor foci can have distinct patterns of genetic rearrangements.
Prostate cancer is widely recognized as being clinically and histologically heterogeneous, [1] [2] [3] with acinar type prostatic adenocarcinomas accounting for a vast majority of prostate cancers. 4 Prostate cancer is also, most commonly, a multifocal disease at presentation, 5 and the morphologic appearance of these foci can be highly variable within a given prostate. 3, 6 The current approach to stratify risk for prostate cancer patients at the time of diagnosis relies heavily on the tumor grade in needle biopsies. The Gleason scoring system is the most widely used method for grading prostate cancer and is one of the most important predictors of tumor behavior. 7, 8 Heterogeneity of prostate cancer within and between separate tumor foci with respect to the Gleason pattern is well appreciated. 9 This heterogeneity along with sampling errors inherent in needle biopsies limits the accuracy of risk stratification, resulting in potential under-or overtreatment. [10] [11] [12] Increasing rates of prostate cancer detection, due to prostatespecific antigen screening, 12 underscore the need to improve our understanding of the molecular basis of the heterogeneity observed in this common cancer.
Genomic rearrangements leading to the formation of TMPRSS2-ETS gene fusions and deletion of the phosphatase and tensin homolog deleted on chromosome 10 (PTEN) tumor suppressor gene are the two most frequent alterations observed in prostate cancer. [13] [14] [15] The TMPRSS2-ERG gene fusion is the principle genomic alteration and a characteristic signature in approximately half of all prostate cancers. 14, [16] [17] [18] [19] [20] [21] [22] [23] ERG regulates matrix metalloproteinases, thus influencing extracellular matrix remodeling and the invasive potential of malignant cells. [24] [25] [26] [27] PTEN is among the most commonly mutated tumor suppressor genes in human cancer. 28 PTEN targets proteins in signaling pathways that regulate cell growth, survival and genome stability. Inactivation of PTEN and its role in oncogenesis in human prostate cancer is well documented.
Early studies using loss of heterozygosity analyses of deletions of 10q showed that PTEN loss is present in 35-58% cases of advanced prostate cancers. [29] [30] [31] PTEN deletions are found in approximately 40% of localized prostate cancers. 8, 14, [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] In advanced disease, fluorescence in situ hybridization (FISH) has identified hemizygous (loss of one copy) and homozygous (loss of both copies) PTEN deletions, 31, 39, 43, 45, 46 with the incidence of PTEN deletion approaching 70-80% of castrate-resistant tumors. 33, 40, 42, 43 It has been shown that hemizygous PTEN deletions are associated with earlier biochemical relapse. Homozygous PTEN deletions are strongly linked to metastasis and androgen-independent progression. 20, 33, 39, 40, 47, 48 Genomic loss and inactivation of the PTEN gene most likely lead to an adverse clinical course through haploinsufficiency and reduced levels of the PTEN protein. 49 Loss of PTEN leads to upregulation of PI3K/AKT, a pathway strongly associated with disease progression in prostate cancer. 40, 48, [50] [51] [52] The TMPRSS2-ERG fusion gene, constituting the majority of ETS rearrangements in prostate cancer, likely has an important role in prostate cancer progression, as its promoter region drives the expression of the fused ETS gene.
Although there is an abundance of information on association of these genomic changes and clinical outcomes in prostate cancer, data on their distribution in multifocal disease and their relationships to individual Gleason grades are limited. Barry et al 53 demonstrated intrafocal homogeneity and interfocal heterogeneity for TMPRSS2-ERG rearrangements in radical prostatectomy specimens, but found no association between the Gleason score of a particular focus and the presence or absence of TMPRSS2-ERG rearrangements. Similar studies have not been performed for PTEN. It is important to note that no study to date has specifically studied the relationship between PTEN and TMPRSS2-ERG status and individual Gleason patterns that are combined to give a Gleason score. To this end, we constructed a tissue microarray (TMA) from 142 radical prostatectomy specimens by obtaining cores of tumor from separate foci, with an emphasis on sampling specific Gleason patterns.
Materials and methods

Patient Cohort and Tumor Samples
A cohort of prostate cancer patients comprising 614 men who underwent both needle biopsy and radical prostatectomy at the University Health Network between 2000 and 2006 was used to select the cases for this study. Radical prostatectomy specimens at our institution are processed according to a standard protocol. The specimen is completely fixed in 10% formalin and serially sectioned at 3-4 mm intervals in a plane perpendicular to the urethra. The serial slices are divided into quadrants and submitted for histologic assessment. The blocking legend in the pathology report indicated the location from which specific sections were taken. All specimens were staged using the TNM classification. For this study, the radical prostatectomy specimens were reviewed and graded according to the 2005 modified International Society of Urological Pathology Gleason scoring system, 8 hereafter referred to as modified Gleason score, grade or pattern (Table 1) .
TMA Construction
All original H&E slides from 168 radical prostatectomy specimens obtained between 2000 and 2001 were reviewed to select samples for inclusion in the TMA. A final cohort of 142 cases was chosen based on availability of the appropriate paraffin blocks. Within each prostatectomy specimen, individual foci in specimens with multifocal prostate cancer were defined by the criteria of Mehra et al. 54 Cancer foci that were separated by Z3 mm in a single section or separated by Z4 mm in adjacent blocks (above or below) were considered as separate foci. Each focus of prostate cancer was measured on the slides to obtain the largest dimension. For foci that overlapped in two or more serial blocks, the block with the largest dimension for that focus was selected for analysis. The modified Gleason score for each focus was annotated on the glass slides, as were areas showing different Gleason patterns. In cases of multifocal disease, we limited our analyses to the largest focus and up to two of the next largest foci. Separate foci on opposite sides of the prostate were specifically chosen whenever possible. When there were Z3 foci, those containing tumor with the highest modified Gleason patterns were targeted irrespective of their size. It was felt that this approach would optimize our ability to detect heterogeneity within and between separate foci.
To construct the TMA, up to three 0.6 mm cores were obtained from a given tumor focus and transferred to the recipient blocks. TMA cores were taken from different areas within each focus, separated by 5 mm where possible, to allow us to assess genomic heterogeneity within and between foci. Only one core was typically obtained from foci Z5 mm. Within a given cancer focus, areas showing different modified Gleason patterns were specifically sampled. Using the above strategy, we attempted to include up to six cores from each prostatectomy specimen. Representative cores of non-tumor prostate tissue were included for control purposes. A summary of the sampling procedure used to construct the TMA is shown in Figure 1 . The completed TMA included a total of 724 cores distributed over three separate recipient blocks. Five-micron H&E sections from each recipient block were reviewed before the FISH studies. Specifically, each TMA core was reviewed to verify the presence of adenocarcinoma and to annotate the modified Gleason grade of the tumor.
TMPRSS2-ERG Probe Design, Classification and FISH Analysis
Sequential break-apart three-color FISH was used for studying the TMPRSS2-ERG gene rearrangement as previously described. 14, 15 As the extension of the gap between 3 0 -ERG and 5 0 -ERG signals depends on the spreading of the breakpoints, chromatin architecture and compaction, as well as the probe design, a reproducible scoring system was established for our break-apart FISH strategy. We have estimated the relative distance between the differentially colored probes of a signal pair within the nucleus as follows: (1) co-localized signals: distance between the 3 0 -ERG and 5
0 -ERG signals less than one signal diameter; (2) non-overlapping signals: distance between the 3 0 -ERG and 5 0 -ERG signals more than two times the estimated signal diameter. 55 Subsequently, the TMPRSS2-ERG rearrangement mechanisms were classified according to the pattern of interphase FISH signals. 56 Class N described the normal ERG locus; therefore, co-localization of the two ERG probe signals in close proximity to the TMPRSS2 signal. Class Edel (fusion gene via interstitial deletion) described an interstitial deletion at cytoband 21q22.2-3 and was characterized by co-localization of the 3 0 -ERG and TMPRSS2 signals and absence of the 5 0 -ERG signal. Class Esplit (fusion gene via structural rearrangement, eg, translocation) described a genomic rearrangement, leading to insertion of those sequences elsewhere in the genome to an unknown chromosome location, resulting in the separation of the 5 0 -ERG signals from the colocalized 3 0 -ERG and TMPRSS2 signals. In both types of TMPRSS2-ERG rearrangements (Edel and Esplit), the unaffected chromosome 21 generally displayed a Class N signal configuration. Finally, Class 2 þ Edel described additional copies of the TMPRSS2-ERG gene fusions.
In each TMA core, 50-100 non-overlapped, intact interphase tumor nuclei were scored for the presence/absence of the TMPRSS2-ERG gene fusion. A core was deemed technically inadequate for scoring if it lacked a diagnostic target tissue or was of weak non-interpretable probe signal. Digitally scanned adjacent H&E TMA sections were available for sideby-side comparison with the FISH image to confirm the location of tumor cells. Areas of modified Gleason grade 3, 4 or 5 tumor were analyzed using the break-apart three-color strategy, and were classified according to the aforementioned FISH signal patterns. On the basis of hybridization in control cores (benign prostatic epithelium, data not shown) and the tumor cohort, detection of the TMPRSS2-ERG rearrangement was considered to be present when a minimum of 10% of the counted cells contained an Esplit or a minimum of 20% of the cells contained an Edel in a given core. 55 A core was considered fusion-positive if any of its representative spots met the above cutoff values. The 10 (Esplit) and 20% (Edel) cutoff values were also reassessed by analyzing the percentage of fusionpositive nuclei in a given core, alongside the percentage of nuclei with normal signal for each core from the TMA. This reassessment of the cutoff values was particularly useful for cores exhibiting more cellular heterogeneity where cells differed in shape, size or density. In majority of the cores, the relative percentage of fusion-negative versus fusionpositive cells was less extreme. In general, any inconsistent results were characterized by either poor nuclear morphology or truncation artifacts associated with histological sectioning. In addition, the presence of a copy-number gain of a non-rearranged ERG and/or TMPRSS2 gene was simultaneously assessed in all evaluated nuclei in a given TMA core (data not shown).
PTEN Probe Design and FISH Analysis
A three-color FISH method was designed based on methods used previously by our group. 44 As described above, FISH analysis was performed using adjacent sections stained with DAPI (4 0 ,6-diamidino-2-phenylindole, dihydrochloride) in selected areas of adenocarcinoma. PTEN copy number was evaluated by counting spots for each probe in 50-100 nonoverlapping, intact, interphase nuclei per tumor TMA core. Variation of nuclear size present in the three TMA blocks required that we use non-PTENdeleted prostate cancer cores as controls to define the threshold for classifying the PTEN copy number. 44 Background information on the assay and on determining cut-off thresholds is also available on our web site (www.ptendeletion.net). Overall, the mean þ 3 s.d. was used as the cutoff value for assigning hemizygous deletion status (445%) in each array. As with the TMPRSS2-ERG FISH described above, this approach was particularly useful for cores exhibiting more cellular heterogeneity where cells differed in shape, size or density. Homozygous deletion status for PTEN was defined by more conservative criteria, a simultaneous lack of both PTEN locus signals 55, [57] [58] [59] in 430% of scored nuclei. 58 In addition, TMA cores with inconclusive results or high degree of heterogeneity were reevaluated/ rescored using a whole formalin-fixed paraffinembedded section from the original donor block.
Heterogeneity Index
To explore the pattern of genomic change within and between tumor foci in each prostatectomy Multifocal prostate cancer genomics specimen, a heterogeneity index 60 was used to determine whether high or low rates of PTEN loss and/or TMPRSS2-ERG fusion were associated with modified Gleason pattern. For each sample, the heterogeneity index for PTEN and TMPRSS2-ERG fusion was calculated as a ratio of the number of different patterns of PTEN (no PTEN deletion, hemizygous and homozygous PTEN deletion) and TMPRSS2-ERG fusion signals (Class N, Class Edel, Class Esplit) divided by the total number of analyzed foci from each prostatectomy specimen. Thus, PTEN and TMPRSS2-ERG FISH patterns presented different heterogeneity levels. For example, the PTEN heterogeneity index ranged from 0.2 to 2.0, and the TMPRSS2-ERG heterogeneity index ranged from 0.1 to 2.0. The visualization of heterogeneity index data set was performed using the Multi Experiment Viewer software. 61 
Statistical Analyses
On the basis of a pre-specified statistical analysis plan, exploratory analyses were performed to characterize relationships between the incidences of PTEN deletion (homozygous or hemizygous losses) and TMPRSS2-ERG fusion (Esplit or Edel) as determined by FISH and modified Gleason pattern in adjacent prostatectomy sections. The w 2 -test was used to test for association between FISH biomarkers and modified Gleason pattern, based on an expected frequency assuming random distribution of each class. All reported P-values are two-sided, and a level of 5% (P ¼ 0.05) was considered to be statistically significant.
Results
Patient Characteristics
The characteristics of the patients included in this study are shown in Table 1 . The study set represents a typical North American radical prostatectomy cohort in terms of age, serum prostate specific antigen at time of diagnosis, distribution of modified Gleason scores, distribution of disease within the prostate (multifocal vs unifocal), pathologic stage and margin positivity. As would be expected in a cohort treated by radical prostatectomy with curative intent where most prostate cancers were found through prostatespecific antigen testing, the proportion of cases having Gleason scores of 8-10/10 was low (o5%). Pelvic lymph node dissections were performed in 20/142 patients (14%) with 2/20 (10%) being positive for metastatic prostatic adenocarcinoma.
Multifocality of Modified Gleason Grade in Study Group
Although the TMA comprised 742 cores, review of H&E sections of the TMA revealed that only 692 cores (93%) contained adequate tumor for analysis, 517 (70%) of which contained modified Gleason pattern 3 tumor, 169 (23%) contained modified Gleason pattern 4 tumor, and 6 (1%) contained modified Gleason pattern 5 tumor. These cores represented 510 separate tumor foci from 139 of 142 prostatectomy specimens (98%). The mean number of foci per specimen was 3.6 (range 1-6). Of these 139 cases, 5 additional cases could not be evaluated by PTEN FISH because of loss of TMA cores, an insufficient number of tumor nuclei in the TMA cores and/or technical failure of the FISH. This left a total of 567 cores from 134 radical prostatectomy specimens. All 139 cases could be evaluated by TMPRSS2-ERG FISH. Table 2 ). Considering the total number of 134 cases assessed for PTEN, 19 cases (14%), from the previously described 56 cases with PTEN deletion, showed PTEN deletion within at least one tumor focus, whereas 76 of 134 (57%) prostatectomies appeared to have the normal two copies of PTEN in all tumor foci (Supplementary Table 1 ).
Overall Frequencies of PTEN
In total, 10 of 139 (7%) prostatectomy cases showed TMPRSS2-ERG fusion gene within at least one tumor focus, whereas 76 of 139 (55%) cases (Table 2 and Figure 2) .
After acquisition of FISH data, the cases were reviewed to search for potential associations between PTEN deletion and TMPRSS2-ERG rearrangements. We, therefore, examined the differential status of PTEN (deleted or not deleted) and the presence of TMPRSS2-ERG fusion in 132 cases where a complete evaluation was possible. In 32 of 132 prostatectomies (24%), concurrent PTEN loss and TMPRSS2-ERG fusion gene was observed (Table 3) .
PTEN Deletions and TMPRSS2-ERG in Different Gleason Patterns
The occurrence of genomic heterogeneity within individual cancer foci in this cohort allowed us to carefully document core-by-core variation using FISH and examine any associations between PTEN loss or TMPRSS2-ERG fusion gene rearrangement and modified Gleason pattern. In addition, we performed an analysis of the relative levels of genetic heterogeneity of both classes of genomic alteration. An example of this genomic heterogeneity is shown in Figure 3 . The foci on the right side of the gland showed two deletion patterns for PTENhemizygous deletion in core 2 and homozygous Multifocal prostate cancer genomics deletion in core 3. In contrast, neither of the cores taken from the separate cancer focus on the left side of the gland showed PTEN deletion. With respect to TMPRSS2-ERG, the normal configuration was the predominant pattern in this case, with only core 2 on the right side having tumor cells with a Class Edel configuration. Six of 134 (5%) cases showed genomic heterogeneity with respect to the extent of PTEN deletion, with both hemizygous and homozygous loss being observed in separate tumor foci from the same prostate (Table 2 ). In the 56 PTEN-deleted cases, uniform mechanisms of deletion were seen in all cancer foci examined in only 5 of the 56 (9%) cases. In four (3%) of these cases, hemizygous PTEN losses were present in all tumor foci examined.
In one case (1%) genomic heterogeneity was evident, with both mechanisms of the TMPRSS2-ERG fusion gene rearrangement being observed in separate tumor foci within the same prostate gland. In 62 TMPRSS2-ERG fusion-positive cases, the same mechanism of fusion gene formation was seen in 9 of the 62 cases (15%) in all cancer foci. The relative levels of genomic heterogeneity in the cohort is presented in Figure 4 (derived from Supplementary Table 1), which allows for a direct comparison of the pattern genomic diversity for PTEN deletion with that observed for the TMPRSS2-ERG fusion. The observed interfocal discordance for both TMPRSS2-ERG fusions and PTEN deletions demonstrated that individual tumor foci can have distinct patterns of both genetic rearrangements. Moreover, despite the differing sensitivities and specificities of both FISH assays in relation to truncation losses, it can be seen that both inter-and intrafocal diversity for PTEN genomic change (hemizygous loss or homozygous loss) is much greater than that observed for TMPRSS2-ERG fusions (Esplit or Edel). Figure 5 compares the diversity of genomic change within individual foci for PTEN and TMPRSS2-ERG fusion using a heterogeneity index. For each sample, the heterogeneity for PTEN and TMPRSS2-ERG fusion was calculated as a ratio of the number of different patterns of PTEN (no PTEN deletion, hemizygous and homozygous PTEN deletion) and TMPRSS2-ERG fusion signals (Class N, Class Edel, Class Esplit) divided by the total number of foci analyzed for each prostatectomy specimen. The metric was then used to determine whether high or low rates of PTEN deletion or TMPRSS2-ERG fusion were associated with the specific modified Gleason pattern present in a given TMA core. It can be seen that greater indices of heterogeneity for PTEN are associated with higher modified Gleason patterns, with that for pattern 4 or 5 (higher) being greater than that for pattern 3 (lower). Conversely, we found no relationship between the TMPRSS2-ERG fusion and modified Gleason pattern.
Our TMA design allowed us to statistically evaluate associations between PTEN deletion and TMPRSS2-ERG and cancer foci bearing different modified Gleason patterns. In Table 4 , a w 2 -analysis of 692 individual TMA cores showed greater-thanexpected association between PTEN loss and modified Gleason pattern 4 (Po0.001). In contrast, there was no association between the presence or absence of TMPRSS2-ERG fusions and modified Gleason pattern. However, when individual cores were compared (Table 5) by w 2 -analysis, there was a greaterthan-expected association between PTEN loss and the presence of the TMPRSS2-ERG fusion gene (P ¼ 0.007).
Discussion
The relationship between genomics and morphology in multifocal prostate cancer is not well understood. Multifocal prostate cancer generally consists of a predominant focus and one or more separate smaller foci. 5, 9, 62, 63 It has been estimated that between 50-80% of prostates have more than one tumor focus at the time of diagnosis. 3, 64, 65 Moreover, multifocal prostate cancer frequently shows histologic heterogeneity, with separate tumor foci exhibiting different Gleason scores (reviewed in Andreoiu and Cheng 3 , Arora et al, 9 Mehra et al 54 and Ruijter et al 63 ) . Identifying the cancer focus in multifocal disease that determines clinical behavior for an individual patient is an important but problematic issue. The largest focus has historically been defined as the 'index tumor,' which has also been assumed to be the one that determines clinical behavior. 66, 67 More recent evidence has challenged this definition in that the largest tumor focus does not always contain the highest Gleason score or pathologic stage, and several studies have failed to show independent prognostic significance for the largest tumor focus (reviewed in Andreoiu and Cheng 3 ). Participants in the 2009 International Society of Urological Pathologists Consensus Conference on the Handling and Staging of Radical Prostatectomy Specimens were unable to reach a consensus definition for the term 'index tumor' based on histopathology alone. It was felt that the definition should be context-dependent, taking differences in Gleason score and pathologic stage of individual foci into account to identify the index tumor. 68 Genomic and/or cytogenetic characterization of different foci in 28 (21) 32 (24) Abbreviation: PTEN, phosphatase and tensin homolog deleted on chromosome 10.
Modern Pathology ( Multifocal prostate cancer genomics multifocal prostate cancer could provide valuable insight into the problem of identifying the clinically relevant focus. In fact, there is evidence from several studies that smaller cancer foci harboring allelic losses on chromosomes 8p, 10q and 16q, MYC amplification and PTEN deletions possess metastatic potential not shown by larger foci without these changes. [69] [70] [71] However, a recent report from Guo et al 72 showed complete concordance between the presence of TMPRSS2-ERG gene rearrangements in metastatic deposits in pelvic lymph nodes and those found in the largest tumor focus. As such, it is likely that defining the index tumor will require consideration of size, Gleason score, pathologic stage and genomic changes.
Multifocal prostate cancer could potentially arise from divergent clones derived from one progenitor, from 'field cancerization' or from generalized genotoxic damage (reviewed in Squire et al 19 ) . On the basis of allelic imbalance, Bostwick et al 62 and others [73] [74] [75] showed that separate foci in multifocal disease foci likely arise independently. This concept was confirmed later by analyses of TMPRSS2-ETS fusion genes in whole-mount prostatectomy specimens. 76 Mehra et al, 54 using FISH to classify TMPRSS2 rearrangements by type, also suggested that individual foci have distinct rearrangements. Overall, 70% of the tumors in the Mehra study showed TMPRSS2 rearrangement, including 63% through deletion, 27% through translocation and 10% through both mechanisms in separate tumor foci. Of the TMPRSS2-rearranged cases, 30% showed concordance in all tumor foci within a given prostate, whereas 70% were discordant in at least one focus. These findings demonstrate that multifocal prostate cancer appears to be a The clinical significance of PTEN deletions and TMPRSS2 rearrangements in prostate cancer has been well studied, with clinical relevance of the latter being unclear at best. TMPRSS2 rearrangements seem to be reproducibly associated with a less favorable prognosis only when accompanied by PTEN loss. 14, 39 The present study was not designed to further assess the association between PTEN deletions, TMPRSS2-ERG rearrangements and clinical outcome. Rather, the aim was to define the incidence of heterogeneity for PTEN deletions and TMPRSS2-ERG fusion rearrangements within and between separate cancer foci in the same prostate, and to determine whether there was any association with modified Gleason pattern. To this end, we studied a typical radical prostatectomy cohort in which 79% of the prostates contained multifocal disease. In 4% of cases, genomic heterogeneity was evident with both hemi-and homozygous PTEN deletions being observed in separate foci in the same prostate. Uniform mechanisms of deletion were seen in all foci in only 9% of cases with a deletion. In 7% of cases, TMPRSS2-ERG fusion gene was present in at least one tumor focus, whereas 55% of cases appeared to have no TMPRSS2 fusion gene in any tumor foci. In only one case was genomic heterogeneity evident with both mechanisms of the TMPRSS2-ERG fusion gene rearrangement in separate tumor foci. However, in TMPRSS2-ERG fusion-positive cases, the same mechanism of fusion gene formation was seen in all tumor foci in 15% of cases. We observed Edel TMPRSS2 fusion genes in 29% of the cases and Esplit TMPRSS2-ERG fusion genes in 15% of the cases. In 24% of the cases examined by both FISH assays, there was PTEN loss and concurrent presence of a TMPRSS2-ERG fusion gene.
Overall heterogeneity for the TMPRSS2 rearrangement between individual tumor foci was common; however, individual tumor cells within a given focus were homogeneous for TMPRSS2 rearrangements. These findings are consistent with previous observations, 54 suggesting that individual tumor foci develop through clonal expansion. In addition, FISH analysis of the TMPRSS2-ERG fusion identified one cancer focus with two distinct rearrangements on the left side of the gland (Edel in one focus and Esplit in another focus). As such, the findings of this study support the hypothesis that multifocality and morphologic heterogeneity in prostate cancer is a result of independent malignancies with distinct clonal origins. When different tumor foci from individual prostatectomy specimens were compared with respect to PTEN deletion, striking heterogeneity between and within separate tumor foci was found. Our results suggest that this genetic heterogeneity may be an underlying molecular mechanism for diverse clinical and morphologic manifestations of prostate cancer. Our observations concerning heterogeneity of PTEN and TMPRSS2-ERG in multifocal prostate cancer have practical implications for personalized medicine. This particularly applies to the clinical use of PTEN FISH as a prognostic tool in prostatectomy specimens and site-directed needle biopsies. Our findings suggest that each cancer focus in a prostatectomy specimen with multifocal disease would need to be analyzed, to obtain accurate information on PTEN status. Similarly, each positive core in a set of site-directed needle biopsies should be assessed. With prostate biopsies, it is important to note that finding non-deleted PTEN cancer may be in biopsies may be more robust in terms of predicting more aggressive tumor behavior and suggesting that a given patient not opt to go on active surveillance. Specific outcome studies using prostate biopsies, either prospective or retrospective, will be required to confirm this impression.
